Tissue culture of isolated glomeruli from patients with glomerulonephritis  by Atkins, Robert C. et al.
Kidney International, Vol. 17 (1980), pp. 515-527
Tissue culture of isolated glomeruli from patients with
glomerulonephritis
ROBERT C. ATKINS, ERIC F. GLASGOW, STEPHEN R. HOLDSWORTH,
NAPIER M. THOMSON, and WAYNE W. HANCOCK
Department of Nephrology, Prince Henry's Hospital, and Department ofAnatomy, Monash University, Melbourne,
Victoria, Australia
Tissue culture of isolated glomeruli from patients with glomeru-
lonephritis. To study aspects of glomerular cell response in vary-
ing types of glomerulonephritis, we evaluated isolated glomeruli
from 101 normal and diseased adult human renal biopsy speci-
mens in tissue culture. Glomerular cell outgrowths from normal
glomeruli consisted of large stellate cells (type I) and smaller
fusiform cells (type II). A very occasional cell (type III), which
had the features of a macrophage, was seen. The cellular out-
growth from isolated glomeruli reflected the numbers and types
of cells present in the diseased glomeruli. Reduced numbers of
cells were found in the outgrowth of sclerotic, hypocellular
glomeruli. Glomeruli from biopsy specimens with altered mor-
phologic appearances but no increase in cellularity (minimal
change nephropathy, membranous nephropathy) produced the
same growth pattern as from glomeruli isolated from normal kid-
neys. In mesangial proliferative nephritis, increased numbers of
type II cells were detected in the outgrowth. Large numbers of
macrophages were found in the glomerular outgrowth of patients
with crescentic glomerulonephritis. Macrophages were absent
when crescentic glomeruli were sclerosed, indicating the impor-
tance of macrophages in the acute hypercellular phase of cres-
cent formation.
Cultures tissulaires de glomérules isolés de malades atteints de
glomérulonéphrite. Afin d'évaluer les aspects de Ia réponse des
cellules glomérulaires dans différents types de gloméruloné-
phrites, des glomérules isolés de 101 biopsies d'adultes normaux
ou malades ont été étudiés en culture de tissu. Les cellules gb-
mérulaires cultivées a partir de glomérules normaux étaient de
grandes cellules étoilées (type I) et des cellules fusiformes plus
petites (type II). Plus rarement des cellules ayant les caractères
de macrophages (type III) ant été observées. Pour les glomé-
rules pathologiques, Ia culture cellulaire a reflété le nombre et le
type des cellules initialement présentes. Le nombre de cellules
était diminué dans les cultures de glomérules sclerotiques. Les
glomérules modifies mais sans hypercellularité (modifications
minimes, extra-membraneuses) donnent issue aux mêmes cul-
tures cellulaires que les glomérules normaux. Les gbomérules de
néphrite mésangiale proliferative donnent un nombre accru de
cellules de type II. Les macrophages en grand nombre ne sont
observes qu'à partir de glomérules obtenus chez des malades
atteints de glomérulonéphrites prolifératives. Les macrophages
sont absents quand les glomérules avec des croissants sont sclé-
rosCs, ce qui indique l'importance des macrophages dans Ia
phase hypercellulaire aigué de Ia formation des croissants.
Tissue culture of normal adult human isolated
glomeruli produces an outgrowth of two distinct cell
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populations, types I and II [1], in a reproducible
growth pattern if conditions of isolation, culture,
and observation are standardized [2]. A third cell
type, type III, is also very occasionally observed.
There is, however, little agreement among several
investigators as to the identity of the glomerular
cells that emerge in the culture outgrowth from
human glomeruli, [3-8], mainly because of the ab-
sence of any specific glomerular cell markers.
Based on an extensive study of 15 normal adult hu-
man kidneys, and using a variety of morphologic
and functional criteria on the early outgrowth from
cultured isolated glomeruli, we believe that one
type of cell (type I) is an epithelial cell, and another
(type II) is a mesangial cell [8].
Initial observations on patients with crescentic
nephritis demonstrated the importance of a third
cell (type III), with features of a macrophage, being
seen especially in culture from patients with rapidly
progressive crescentic glomerulonephritis [10].
A standardized approach to culture was used to
assess the behavior of isolated glomeruli from 101
patients. The isolated glomeruli from patients with
glomerulonephritis and from patients with a variety
of types of nonglomerular renal injury were as-
sessed in tissue culture, and the number and behav-
ior of the cell types present were compared with the
cells from normal isolated glomeruli. It was antici-
pated that varying patterns of glomerular cell out-
growth would reflect, and allow evaluation of, the
glomerular response to injury in the various types of
glomerulonephritis.
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Methods
Patients studied. Glomeruli from 101 patients
were studied. Renal biopsy specimens were eva!-
uated from 86 patients. Sixty-four patients had gb-
merulonephritis, 15 had rejecting renal cadaver allo-
grafts, and 7 had other nonglomerular renal dis-
eases. The disease entities are detailed in Table 1.
Glomeruli from 7 kidneys removed for carcinoma
and from 8 kidneys unused for cadaver trans-
plantation were used as normal controls. The do-
nated kidneys became available for culture when no
suitable recipient could be found or when the renal
vasculature was technically unsuitable for trans-
plantation. All the kidneys with carcinoma had a lo-
calized upper pole tumor, and material for culture
was taken from the lower pole, histologically dem-
onstrated to be uninvolved by tumor.
Collection of tissue. Renal tissue was obtained
from patients at the time of routine renal biopsy. A
small fragment (5 to 10%) of a core was separated in
a sterile manner and placed in tissue culture medi-
urn 199 at 40 C prior to further processing. The re-
maining tissue was processed for light and electron
microscopy and immunofluorescence. Complete
documentation of the glomerular pathology of each
specimen was therefore obtained.
Tissue culture of gloneruli: Isolation of gloneru—
Ii. The core of kidney tissue obtained from renal
biopsy was placed in a Petri dish and immersed in
medium 199 with 20 mi Hepes buffer and 20% foe-
tal calf serum (FCS, Commonwealth Serum Labora-
tories, Melbourne). Individual glomeruli were teased
from the core and transferred by a Pasteur pipette
to another dish where they were repeatedly washed
and then inspected under phase-contrast light mi-
croscopy to ensure structural integrity and lack of
contaminating tubular debris or single cells.
Tissue culture conditions. Individual gbomeruli
were placed into single drops of medium 199 with
20% FCS and 20 mrvi Hepes buffer in Falcon 30-mi
plastic tissue culture flasks (Falcon Plastics, Los
Angeles). A surrounding rim of culture medium was
placed in the flask to prevent dehydration. The me-
dium was changed weekly.
Assessment of glomnerular culture: (I) Phase-con-
trast light microscopy. All cultures were inspected
every 3 or 4 days for 2 weeks by phase-contrast
light microscopy. The rate of attachment of gb-
meruli to the flask and the numbers and type of gb-
merular cells emerging from attached gbomeruli
were determined. Glomeruli attached to the culture
flasks at variable times over the 2-week period. As
the initial pattern of cell outgrowth is unaffected by
the day of attachment [2], the first day a gbomerulus
was seen to be attached was taken as day 0 and the
subsequent pattern recorded as the day following
attachment. Thus, outgrowth from all glomeruli
could be compared even though they were at dif-
fering stages of growth on any particular day of cul-
ture.
(2) Time-lapse cinemicroscopy. Randomly se-
lected glomeruli were also continually assessed by
time-lapse cinemicroscopy for periods of between 1
and 6 days. A phase-contrast microscope (Wild,
Heerberg Switzerland) with a cine-attachment (Bo-
lex, Sainte Croix, Switzerland) was used, and cul-
tures were photographed at 1 frame/mm. The result-
ing films were assessed with an analytical projector
(LW 224 A Mk II, LW Tnt., Woodland Hills, Cali-
fornia). The pattern of cell type was recorded as
well as the appearance and rate of movement.
Yeast phagocytosis b glomnerular cells. Cultures
of glomeruli from 2 patients with crescentic nephri-
tis and 2 patients with normal glomeruli were stud-
ied under time-lapse cinemicroscopy after the addi-
tion to the culture of heat-killed baker's yeast (4 s)
opsonized with fresh pooled normal serum. The
phagocytic ability of the various cells in the out-
growth was observed and contrasted with yeast
phagocytosis by peritoneal macrophages obtained
from patients undergoing peritoneal dialysis.
Detection of C3b and Fc receptors. The cells in
the outgrowth of cultured glomeruli from 3 normal
patients were examined for the presence of C3b and
Fc receptors. Sheep red blood cells (E) coated with
antisheep red blood cell antibody (A) were used for
the detection of Fc receptors. Sensitized red blood
cells (EA) were also incubated with human R3
(serum depleted of late complement components) to
produce EACI423b, which was then used for the
detection of C3b receptors. A 1% suspension of ei-
ther EA or EACI423b was incubated with the cul-
tured cells for 30 mm at 370 C; receptors were de-
tected by the rosetting of the red blood cells. Cul-
tures of human peritoneal macrophages were used
as positive controls.
Electron microscopy qf cell outgrowth. Cultures
were fixed with 5% glutaraldehyde in 0.1 M cacody-
late buffer, then postfixed in 2% osmium tetroxide.
After the tissue was stained with uranyl acetate, it
was dehydrated through cold alcohols. Individual
glomeruli were embedded in Epon; sections of 0.1-
thick were cut, subsequently stained with uranyl
acetate and lead citrate, and viewed in an iA elec-
tron microscope (lÀ, Siemens, Munich Germany).
Scanning electron microscopy. After the cultures
were fixed with 5% glutaraldehyde, the flasks were
washed with 0.2 M cacodylate buffer, dehydrated in
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alcohol, then changed to 2-methoxyethanol. Critical
point drying (Biodynamics Research Corporation,
Maryland) and gold coating by use of a splutter
coater (Polaron, London, England) was then per-
formed, and the sections were viewed in a scanning
electron microscope (Cambridge Instrument Com-
pany, Cambridge, England).
Criteria for evaluation of cell type I, II, and III.
Assessment of the morphology and behavior of the
three cell types was made by phase-contrast, time-
lapse cinemicroscopy, transmission and scanning
electron microscopic examination. The type I cell
migrated off capillary loops, and its branched cyto-
plasm had ultrastructural features suggestive of an
origin as a visceral epithelial cell. Division was rare,
the cell was relatively immobile, and it was non-
phagocytic. It was stellate in shape and 50 to 150
in diameter. The type II cell was mobile, actively
divided, and had ultrastructural features of a me-
sangial cell. It was fusiform in shape and about 25 to
50 .t in length [8, 9].
Further glomerular cell identification has been
provided by histochemical studies using /3-glucu-
ronidase, acid phosphatase, and a nonspecific este-
rase, actomycin immunofluorescence, and C3b and
Fc receptors [9].
Results
Glomerular morphology (Table I)
Normal tissue and nonproliferative glomerulone-
phritis. Tissue sections from all donated kidneys
and nephrectomy specimens (15 patients) showed
glomeruli of normal cellularity and morphologic ap-
pearance on light and electronmicroscopic exami-
nation. There were 50 patients with a variety of
morphologic alterations in glomeruli but no increase
in glomerular cellularity. This included a subgroup
of 22 patients who did not have primary glomeru-
lopathy but had a renal biopsy performed during as-
sessment of allograft rejection, hypertension, diabe-
tes, or analgesic nephropathy. Twenty-eight other
patients had a primary nonproliferative glomerulop-
athy.
The majority of glomeruli showed norrnocellulari-
ty with no morphologic changes in the intrinsic gb-
merular cells. In the rejection group, three biopsy
specimens demonstrated ischemic changes and oc-
casional margination of mononuclear cells. In one
of the biopsy specimens from the 2 patients with
diabetes, there was mild mesangial expansion.
Proliferative glomerulonephropathies. Prolifera-
tive glomerulonephritis was found in 36 patients. In
mesangial proliferative glomerulonephritis (19 pa-
tients), the degree of mesangial alteration ranged
from slightly increased cellularity with expansion of
glomerular matrix, to patterns of injury where the
numbers of mesangial cells were markedly in-
creased. The six biopsy specimens of crescentic
glomerulonephritis fell into two groups. Four
biopsy samples demonstrated marked hyper-
cellularity of over 90% of the glomeruli, with cres-
cents present in at least 80% of the glomeruli of
each biopsy. The remaining two biopsy samples
Table 1. Disease entities studied by glomerular culture and evaluated by light and cinemicroscopy
Light microscopy Cinemicroscopy
No. of No. of Duration of studyNo. of No. of
Morphologic patients glomeruli patients glomeruli total days
classification evaluated filmed
Normal 15 250 12 48 88
Nonglomerular disease
Allograftrejection 15 150 7 11 28
Hypertension 2 18 2 4 8
Diabetes 2 16 — — —
Analgesic nephropathy 3 26 2 4 6
Nonproliferative glomerulop-
athies
Minimal change 7 60 4 6 15
Membranous 10 180 7 14 40
Focal glomerulosclerosis 7 130 3 7 16
Global sclerosis 4 30 1 1 2
Proliferative glomerulonephrop-
athies
Mesangial proliferative 19 184 10 14 36
Focal proliferative 7 130 3 7 16
Membranoproliferative 3 34 2 5 11
Crescentic 6 40 5 12 29
Exudative (poststreptococcal) 1 8 — — —
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were performed on patients with an illness of longer
duration, who were anuric, and on maintenance
dialysis. The major difference in these glomeruli
was the relative hypocellularity of the crescents
(again involving more than 80% of the glomeruli)
with evidence of fibrosis and scar formation.
Pattern of cell outgrowth from isolated gloneruli
Normal pattern. Attachment of the isolated
glomeruli to the culture flask was necessary before
cell outgrowth could occur. A mean of 28% (range,
15 to 50%) of glomeruli from each normal kidney
attached and grew during the 2-week assessment
period (Table 2). Glomerular attachment to the cul-
ture flask was followed by migration of the in-
strinsic cells from the glomerulus onto the flask sur-
face. By phase-contrast light microscopy, two mor-
phologically distinct cell types, type I and type II,
were seen (Figs. 1 and 2). The type I cell was large,
100 to 150 in diameter. Type I and type II cells
had the features of epithelial and mesangial cells,
respectively, as has been previously reported [8].
Attachment commenced by day 3 of culture but was
maximal at day 14. Progressive increase in cell
numbers occurred both by division and continued
accumulation of cells migrating from the glomeru-
lus. The type II cells became the numerically pre-
dominant cell in culture. Time-lapse cinemicros-
copy showed the type I cells to be immobile with a
very low rate of division (0.1 division per 100 cells
per day in culture) (Table 3). Their increase in num-
her was almost exclusively due to continued migra-
tion of new cells from the glomerulus.
The type II cells had the potential for rapid glid-
ing motion, although those enclosed by other cells
remained stationary. The type II cells on the periph-
ery of the outgrowth moved at an average rate of 12
s/hour with a maximum rate of 36 pS/hour (Table 3).
Cinemicroscopic observation also revealed that ac-
cumulation in culture was due predominantly to
emigration from the glomerulus, although their in-
trinsic potential for division was much greater (2.0
division per 100 cells per day) than type I cells.
A third cell population was identified only rarely
in the outgrowth from normal glomeruli. This was
designated a type III cell. This cell was present very
infrequently, with a mean 0.4 (sEM) 0.1 cells/gb-
merulus and was difficult to discern by phase-con-
trast light microscopy as it was small, round, and
refractile with the appearance of a rounded-up di-
viding type II cell. By cinemicroscopy, it was clear-
ly recognizable as an actively motile phagocytic cell
moving by pseudopodia, with the characteristics of
a macrophage. Cell types I and II did not ingest
yeast when it was added to the culture medium.
Type III cells, however, phagocytosed yeast avidly
(Fig. 3, a, b, c.). They exhibitied the same cinemi-
croscopic features, including phagocytosis, as pen-
toneal macrophages in culture.
Furthermore, the type III cells formed Fc ro-
settes. Figure 4 shows a scanning electron micrograph
of an Fc rosette on a type III cell, but Fc receptors
Table 2. Pattern of cell outgrowth from normal and diseased glomeruli in tissue culture
Percentage
of
Morphologic glomeruli
classification growing
Cells in the glomerular outgrowtha
DayO Day3 Day7
Type! Type II Type I Type II Type I Type II
Normal 28%
(range,
15 to 50)
2.8 0.6 4.6 2.1 6.1 1.6 19.5 3.6 9.1 1.2 41.0 6.8
Nonglomerular disease
Allograftrejection 34% 2.0 0.3 4.5 0.8 4.1 0.8 17.2 6.0 7.1 3.1 25.6 8.6
Hypertension 36% 3.4 1.2 6.5 1.6 6.2 1.6 16.2 4.8 — —
Diabetes 28% 3.1 1.2 9.3 2.1 3.8 2.1 26 5.1 4.9 2.1 38 10.6
Analgesic nephropathy 26% 2.8 0.8 12.2 4.2 6.2 1.3 32 8.1 11.1 2.6 42.2 10.6
Nonproliferative glomerulop-
athies
Minimal change 22% 1.8 0.4 2.5 0.4 4.2 0.1 19.2 13.6 — —
Membranous 43% 2.1 0.2 2.7 0.5 4.1 0.7 9.7 1.8 7.1 1.7 26.2 7.0
Focal glomerulosclerosis 10% 1.9 0.5 1.7 0.4 2.3 0.8 4.7 1.4 — —
Global sclerosis 10% 1.0 1.0 2.0 1.0 — —
Proliferative glomerulonephrop-
athies
Mesangial proliferative 46% 2.8 0.5 14.3 6.2 6.2 1.2 34.2 17 11.6 3.1 120 82
Focal proliferative 52% 2.8 0.5 1.9 0.3 4.8 0.8 13.0 4.2 6.5 0.9 26.5 16.1
Membranoproliferative 21% 1.8 0.6 33 0.9 1.8 0.9 16.1 11.1 2.2 0.7 64.2 25.0
Crescentic 58% 1.8 0.5 22.1 6.1 2.2 0.9 150 3.8 4.8 2.1 304.0 68.1
a Values are the means SEM.
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Fig. 1. Phase-contrast photomicrography of an isolated normal human glomerulus (G) in tissue culture demonstrating type! cells 7 days
after attach,nent. (x 150)
were not present on types I or II cells. Type III cells
also had C3b receptors demonstrated but neither Fc
nor C3b receptors were found on type I or type II
cells.
Non glomerular disease. The rate of attachment
and pattern of cell outgrowth of isolated glomeruli
from each disease entity studied was similar to nor-
mal (Table 2). No difference in cell morphology, ca-
pacity for movement, and rate of division of the
cells of the outgrowth was seen compared with nor-
mal, and the number of macrophages present was
not increased (Table 3).
Nonproliferative gloinerulopathies. Two distinct
groups became apparent among the nonprolifera-
tive groups of glomerulonephritis; those with
normal cellular content, minimal change, and
membranous glomerulonephritis, and those with re-
duced cell numbers because of scarring, global scle-
rosis, and focal glomerulosclerosis (FGS). The
scarred glomeruli from the latter group had de-
creased rates of attachment and significantly re-
duced cell outgrowth of both type I and type II cells
'Table 2). For the FGS group, this was not signifi-
cant at day 0 but was for both cell types at day 3 (P
< 0.05). So few glomeruli attached in the FGS
group that none reached day 7 during the 2-week
study period. In the global sclerosis group, only one
glomerulus actually survived in culture, and the
outgrowth was reduced.
The pattern of culture growth of glomeruli from
the minimal change and membranous groups was
the same as normal in rate of attachment and num-
ber of cells in the outgrowth.
The cinemicroscopic assessment of cell behavior
in culture and the numbers of macrophages seen
was normal for all types of nonproliferative glomer-
ulonephritis (Table 3).
Proliferativeglomerulopathies
Crescentic nephritis. The most striking featu
the outgrowth of the glomeruli from this grou
the presence of large numbers of type III cel'
(sEM) 7.2 per glomerulus (Table 3, Figs. .
In the outgrowth from normal glomeruli
meruli from all other types of glomerulc
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Fig. 2. Phase-contrast photomicrography demonstrating type II cells in the outgrowth from an isolated human glomerulus (G) in
tissue culture 7 days after attachment. (X 150)
the maximum number of these cells was only one
per glomerulus.
The type III cells were, however, not present in
glomeruli from every biopsy sample of crescentic
glomerulonephritis: the 2 patients with sclerosed
crescents and resolving proliferative tuft change did
not have type III cells in the outgrowth of their iso-
lated glomeruli. Type III cells had the cinemicro-
scopic features of macrophages with rapid pseudo-
podic movement and avid capacity to phagocytose
yeast. As seen in Fig. 3, which is a series of time-
lapse photographs, type III cells, but not cell types
I or II, phagocytose yeast particles. Their ultrastruc-
tural featues were also those of macrophages with
microvilli and phagolysosomes (Fig. 5). The rate of
attachment of the crescentic glomeruli was higher
than normal, in cases when tuft hypercellularity
was present. The attachment rate of glomeruli from
the two biopsy samples of scarred crescentic gb-
merubonephritis was, however, in the normal range.
Prolific outgrowth of type II cells was seen from
glomeruli from patients with crescentic glomerulo-
nephritis in which the crescents were cellular, and
this was significantly greater than for normal gb-
meruli at all stages of culture, although the dif-
ference became more pronounced at day 3 (P <
0.05) and day 7 (P < 0.01) of culture. The numbers
of type II cells in the outgrowth of glomeruli from
the two biopsy samples showing scarred crescentic
glomeruli were subnormal in one case and normal in
the other. The rate of observed division of type II
cells, their movement, and their appearance was
normal for all biopsy samples (Table 3).
The number of type I cells in the gbomerular out-
growth was less than normal in the crescentic
group, although not significantly so.
Other proitferative glomerulopathies. The attach-
ment rate of the gbomeruli from other categories of
gbomerulonephritis was within the normal range ex-
cept for the focal proliferative group, which had an
attachment rate of 52% (Table 2). The eight glomer-
uli from the single biopsy sample of post-
streptococcal glomerulonephritis failed to attach
during the study of period, so that the data on cellu-
lar outgrowth were not available.
The gbomerular outgrowth from the group of pa-
tients with mesangial proliferative nephritis showed
a higher mean number of type II cells than normal
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(Table 2). There was, however, a great deal of vari-
ation between individual biopsy samples and be-
tween different glomeruli in each sample. Thus, the
mean type II cell count for the group was higher
than normal but did not reach statistical signifi-
cance.
The number of type II cells in the outgrowth of
glomeruli with membranoproliferative glomerulone-
phritis was not significantly higher than normal.
The number of type I cells in the proliferative
group was the same as for normal except in the
membranoproliferative group (Table 2). Only two
glomeruli, however, reached the 7-day point of
growth, so that the numbers are small. Observation
of the culture behavior of the type I and type II cells
and assessment of the numbers of type III by cine-
microscopy (Table 3) showed no difference in cell
morphology, movement, capacity for division, or
numbers of macrophages in the outgrowth in any of
these types of proliferative glomerulonephritis com-
pared with normal.
Discussion
Culture of isolated glomeruli from normal human
kidneys has shown that reproducible patterns of
growth can be produced if conditions of isolation,
tissue culture, and assessment are carefully stan-
dardized [2]. The optimal time for studying the pat-
tern of cellular outgrowth and behavior of the gb-
merular cells in culture is within 2 weeks of com-
mencement of tissue culture [8]. The characteristics
of the cell types present in cultures of normal hu-
man glomeruli have previously been reported [8].
Type I cells have some features of visceral epithe-
hal cells, and type II cells some of mesangial cells.
Type III cells, which are only rarely seen in normal
glomerular outgrowth, have the appearance on cm-
emicroscopy of macrophages and exhibit Fc recep-
tors.
There is still no agreement among various work-
ers in this area as to the precise identification of the
cells that emerge from glomeruli in culture. This is
because there are no specific cell markers of the in-
dividual glomerular cells. Endothehial cells should
have factor VIII on their surfaces, but we have not
been able to demonstrate, by immunofluorescent
techniques, factor VIII on the cells in the culture
outgrowth of isolated glomeruli (unpublished obser-
vations), nor have Scheinman and Fish [7] on hu-
man gbomeruhi and Kreisberg, Hoover, and Kar-
Table 3. Cinemicroscopic observation on isolated glomeruli in tissue culture, between 1 and 6 days after glomerular attachment
Type cells Type II cells Type III cells
Division Movement Division Movement Division Movement Cells
Morphologic per 100 cells! pihr per 100 cells! pJhr per 100 cells! pihr per glo,nerulus"
classification daya daya daya
Normal 0.1 2.0 12.2 250
(Oto2) 0 (lto5) (0 to 36) 0 (l50to450) 0.4 0.1
Nonglornerular disease
Allograft rejection 0.3 0 4.0 24(0 to 26)
0 180 0.4
Hypertension 0.1 0 2.1 16(0 to 40)
0 260 0.1
Analgesicnephropathy 0 0 2.4 18(0 to 26)
0 280 0.1
Nonproliferative glomeru-
lopathies
Minimal change 0 0 2.0 15.2
(0 to 30)
0 — 0
Membranous 0.2 0 3.0 8.6
(0to24)
0 320 0.8 0.3
Focal glomerulosclerosis 0 0 2.0 12.0
(Oto 15)
0 180 0.5
Proliferative glomerulo-
nephropathies
Mesangial proliferative 0.1 0 3.0 9.4
(Oto 18)
0 400 1.0 0.2
Focal proliferative 0 0 8.0 16.8
(0 to 32)
0 260 0.1
Membranoproliferative 0 0 5.0 16.4
(0 to 30)
0 260 0.4 0.1
Crescentic 0.2 0 1.8 12.2
(Oto 18)
0 320 26.8 7.2
b Values are means SEM.
a Parentheses enclose the range.
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novsky [11] with rat glomeruli in culture. Further-
more, endothelial cells are still seen within the
collapsed capillary loops after weeks of culture [8],
and their lack of emergence may reflect their intra-
luminal position.
Mesangial cells have been shown by Scheinman
et al [6] to contain actinomycin, and we have dem-
onstrated similar immunofluorescent changes [9].
With more specific antiactin and antimyosin anti-
body, we have found, however, actin, but not myo-
sin, present in both type I and type II cells in human
glomerular outgrowth (unpublished observations).
Human epithelial cells have been shown to have
C3 receptors [12], but we have been unable to con-
firm this in cells in the glomerular outgrowth,
though Burkholder et al have reported this with cul-
ture of isolated glomerular cells for only a few hours
[13]. Scheinman et al have recently demonstrated
that C3b receptors are lost as human infant glomer-
uli grow in culture [14]. Kreisberg et al have demon-
strated, however, persistence of C3 receptors in
presumed rat epithelial glomerular cells in culture
[11].
Therefore, at this time, there are no specific
markers of individual human glomerular cells, and
until they are demonstrated, the exact glomerular
cell identification will have to rely on morphologic
and functional criteria. Other groups have attempt-
ed to determine the cell types by morphologic, func-
tional, and immunologic criteria for adult and fetal
human [3-7] and animal glomeruli [11. 15-17]. Gen-
erally, two or three main morphologic cell types
have emerged, and indeed we have shown them to
be consistent over various species [18]. There is,
however, no consensus on the identity of these
cells. Apart from our group, only Bernik [3] has ex-
amined the cinemicroscopic features of the cells in
the outgrowth, a technique that we believe adds im-
portant data that are not obtained by static mor-
phology.
This study compares, for the first time, the gb-
merular culture characteristics of glomeruli from
"normal" kidneys with those of glomeruli from pa-
tients with nonglomerular renal disease and with
Fig. 3a,b,c. Series ofphotomicrographs from a cinemicroscopy
film ofglo,nerular culture from kidney of a patient with crescent-
ic glomerulonephritis, following addition of yeast particles (4 p
in diameter). The process of phagocytosis of yeast (arrow) by a
type III cell is illustrated adjacent to a glomerulus (G) and a type
I cell. b and c are in immediate sucession and illustrate the com-
pletion of phagocytosis by the type III cell. (10 frames/mm) (x
95).
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Fig. 4. Scanning electron inicrograph of glornerular tissue culture fro,n a patient with crescentic disease. Part of a type I cell and type II
cells are seen, and there is a type LII cell that has a clearly defined Fc rosette of red cells. (x4,000)
those of glomeruli from patients with various gb-
merulonephritis.
The pattern of cellular outgrowth of gbomeruli
from kidneys with nonglomerular disease was the
same as that of glomeruli from "normal" kidneys.
This would be expected as the glomerular morphol-
ogy was virtually normal. Additionally, in those
forms of glomerulopathy where the manifestation of
injury was not accompanied by hypercellularity,
such as in minimal change and membranous ne-
phropathies, no difference from the normal pattern
of glomerular growth was observed. Morphologic
studies have shown that apart from loss of tertiary
branching, the gross structure of epithelial cell cyto-
plasm is unaltered in membranous nephropathy
[19]. In normal glomerular culture, type I cells lose
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Fig. 5. Phase-contrast photomicrography of an isolated glornerulus (G) from a biopsy with 100% crescentic glomeruli. A third cell
population (III) consisting of macrophages is present. (x 150)
their foot processes and often develop fusion of ma-
jor primary or secondary branch processes within 1
week of culture [8]. Thus, it is not surprising that
morphologic differences were not seen between
type I cells in culture in these two types of glome-
rulopathy and type I cells in normal glomeruli.
Hypocellular or scarred glomeruli from patients
with global glomerular sclerosis or focal glomeru-
loscierosis showed a reduced percentage of growing
glomeruli, and even those that grew had markedly
reduced numbers of cells in their cell outgrowth.
Reduced cell outgrowth from hypocellular glome-
ruli no doubt reflects the low numbers of glomerular
cells present in the tufts.
In studying the behavior in culture of isolated
glomeruli of kidneys of patients with glomerulone-
phritis, the major findings have been from those
with proliferative glomerulonephritis. Even so,
some types of proliferative glomerulonephritis had
normal culture characteristics. Glomeruli showing
predominantly endothelial cell proliferation failed
to demonstrate any altered growth pattern in cul-
ture. Endothelial cells have not been recognized in
the cell outgrowth from normal glomeruli, and mor-
phologic assessment of the residual glomerular ar-
chitecture from normal glomeruli after culture has
shown the endothelial cells to retain their endo-
capillary position [8]. This lack of mobility probably
accounts for the absence of these cells in the gb-
merular outgrowth, even where endothelial cell pro-
liferation is evident in vivo.
In mesangial proliferative glomerulonephritis,
crescentic glomerulonephritis with associated
mesangial cell increase, and membranoproliferative
nephritis, the number of type II cells in culture was
increased. This response was greatest in the biopsy
samples of crescentic glomeruli where very marked
tuft hypercellularity was present. The large num-
bers of type II cells in the culture outgrowth from
mesangial proliferative gbomerulonephritis probably
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Fig. 6. Transmission electron micrograph of tissue culture om the same crescentic biopsy sample demonstrated in Fig. 3. The type III
cells have microvilli and lysosomes typical of macrophages. (x 4860)
reflected the greater number of these cells within
the glomerular tuft, as the rate of division of type II
cells in the outgrowth was not increased. Continued
proliferation of type II cells within the tuft while in
culture cannot be excluded, however. This could be
due to a continuing stimulus from deposited im-
mune complexes, fibrin, or complement.
The culture of the glomeruli from the single pa-
tient with poststreptococcal (exudative) glomerulo-
nephritis failed to demonstrate any polymorphonu-
clear leucocytes (PMN) in culture. This is consis-
tent with previous observations that the PMN do
not survive in culture [20].
The presence of large numbers of macrophages in
tissue culture of human crescentic glomeruli has
previously been reported by us [10]. This study has
shown that this finding is peculiar to crescentic gb-
merubonephritis. In all other types of glomerular
disease, macrophages were only rarely observed as
in normal gbomerular culture. The cinemicroscopic
mobility, ultrastructural appearance, yeast phago-
cytosis in culture, and Fe receptors confirm these
cells to be macrophages, as does the more detailed
study in experimental crescentic nephritis in ani-
mals where Fe cell surface receptors were also
demonstrated [21]. The traditional belief is that epi-
thelial cells proliferate to form crescents [22]. Our
observations, however, that the macrophage was
the predominant cell in cultures of glomeruli with
crescents and that epithelial cell numbers were nor-
mal suggest that the macrophage plays a major role
in crescent formation rather than proliferation of
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epithelial cells. Culture of isolated normal glomeruli
with Bowman's capsule attached and culture of iso-
lated Bowman's capsules have failed to produce
any epithelial cell outgrowth in culture. This inabili-
ty of parietal epithelial cells to proliferate in culture
is further evidence against their participation in
crescent formation.
The presence of macrophages in cultures of cel-
lular glomeruli with crescents and their absence in
partially sclerosed glomeruli with crescents is sig-
nificant. Partially sclerosed glomeruli represent at-
tempted healing or at least the scar-forming phase
of the inflammatory response. At this point, the
stimulus for acute inflammation and consequent in-
flammatory cell accumulation has subsided, and
thus the number of macrophages recruited would be
reduced. This observation further adds to our view
that crescentic formation is part of a normal inflam-
matory cell accumulation in response to acute se-
vere immunologic tissue damage with epithelioid
transformation of macrophages being followed by
scar tissue formation. Thus, macrophage accumula-
tion in crescentic glomeruli correlates not only with
severity and type of damage but also with the bal-
ance between inflammation and repair.
Glomerular culture has been especially useful in
delineating the participation of the macrophage in
crescentic glomerulonephritis [23, 24]. The impor-
tance of the macrophage has not been appreciated
in the past, partially because the macrophage is eas-
ily overlooked in routine histologic sections. Simi-
larly, the macrophage is not easily identified in tis-
sue culture unless visualized by specialized tech-
niques such as cinemicroscopy. As macrophages
from crescentic glomeruli did not divide in culture,
a correlation may exist between the number in cul-
ture and the number of macrophages present in the
glomerulus. Therefore, glomerular culture and ci-
nemicroscopy also act as a semiquantitative assay
of the presence of macrophages and continuing ac-
tivity of the crescentic disease and have been used
in assessment of experimental crescentic nephritis
[21, 23, 24].
Culture of isolated diseased glomeruli has extend-
ed the assessment of the types, numbers, and be-
havior of cells participating in the pathogenesis of
various glomerulonephritis. The glomerular cells
present in the culture outgrowth have been shown
to reflect the cellularity in the glomerular tuft. Gb-
merular culture has also allowed evaluation of the
role of the macrophage in nephritis and provides a
new approach to assessment of glomerular cell re-
sponse to injury.
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